PARASITOLOGY is a subject of importance both to zoologists and to medical men; the former are primarily interested in the parasite-its morphology, physiology, life-cycle and classification; the latter, in the reactions of the host-its symptoms, pathology and treatment. Furthermore, the public health aspects of parasitology have become more and more prominent during the past half-century. It seems desirable to bring these various view-points together into one programme, and this I have attempted to do; the result is indicated in the outline that has been prepared for you.
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(I) THE EPIDEMIOLOGY OF TRANSMISSION. The protozoa that live in man may conveniently be divided into three groups:
(1) the "intestinal" protozoa, (2) the blood-inhabiting protozoa, and (3) the tissueinhabiting protozoa. The intestinal protozoa comprise eleven species that are transmitted by the contamination of food or drink by cysts (five splecies of amcebte-Endamceba histolytica, Endanmceba coli, Endolimax nana, Iodamcba williamsi, and Dientameba fragilis (?); four species of flagellates-Chilomastix mesnili, Embadomonas intestinalis, Tricercomonas intestinalis, and Giardia lamblia; one species of coccidia Isospora hominis; and one infusorion-Balantidium coli); one species, transmitted by the contamination of food or drink by trophozoites (Trichonmonas hoominis); and three species transmitted by contact in the trophozoite stage (Endamceba gingivalis, Trichomonas b'uccalis, and Trichomotas vaginalis). The blood-inhabiting protozoa consist of two species transmitted by tsetse-flies (Trypanosomla gambiense and Trypanosoma rhodesiense); one species transmitted by triatoma bugs (Trypanosoma cruzi); three species probably transmitted by phlebotomus sandflies (Leishmania donovani, Leishmaniia tropica, and Leishmania americana); and three species transmitted by anopheline mosquitoes (Plasmodium vivax, Plasmodium malarie, and Plasmodium falciparum). The method of transmission of the single tissue parasite (Sarcocystis sp. ?) is not known.
Transmission from one host to another is a vital matter for the parasite and of great importance to those interested in public health work, since control measures are often most easily applied during this period in the life-cycle. Most of the intestinal protozoa are in the infective stage when they leave the host, and their problem is to reach a new susceptible host before adverse conditions outside of the body bring about their destruction. Blood-inhabiting protozoa all depend for their transmission on insect vectors in which certain stages in their life-cycles must occur before they again become infective to human hosts.
A survey of the methods of transmission reveals the fact that the protozoa are passive throughout and that it is the host that brings about its own infection. Thus the cysts of Endamceba histolytica have no powers of locomotion but are ingested by the host in food or drink, for the contamination of which man is himself responsible; and the malarial organisms are forcibly drawn into the digestive tract of the mosquito, and later the infective sporozoites are injected by the same insect host into the blood of another human host.
Recently I have carried on some experiments that indicate that the trophozoites of intestinal protozoa, as well as their cysts, are capable of passing through the mouth, csophagus and stomach, and setting up an infection in the intestine. This S-T D 1 [May 13, 1926. is, of course, the only possible method of infection available for Trichomonas hominis, which does not produce a cyst stage in its life-cycle. I have demonstrated that Trichomonas murlis of the rat can pass unharmed through the alimentary canal anterior to the caecum and set up an infection in that organ. Further experiments, still unpublished, also prove that Balantidium coli from the pig, Endaiceaba histolytica from cultures, Endam(eba muris from rats, Trichomonas and Chilomastix from guinea-pigs, and Giardia canis from dogs, when fed to guinea-pigs, reaclh the posterior end of the small intestine in a living condition, apparently capable of colonization in that animal if conditions there are favourable. The length of life of trophozoites outside the body is, however, comparatively short; hence, although trophozoites may under exceptional conditions bring about infection, the cysts are much more important.
(II) HOST-PARASITE RELATIONS DURING A NATURAL INFECTION.
(1) The Course of a Primary Infection. The course of infections with the protozoa of man are well known, but confusion exists regarding the various periods recognized by parasitologists and clinicians.
The clinical periods are descriptive of the reactions of the host: (1) the incubation period, from the entrance of parasites to the appearance of symptoms; (2) the period of symptoms; (3) the crisis, and (4) convalescence. The zoological periods are concerned with the growth and multiplication of the parasites; for these periods I suggest the following terminology: (1) the prepatent period, from the entrance of parasites to their subsequent recovery from the blood or feeces; (2) the patent period, during which parasites are recoverable, and (3) the sub-patent or post-patent period, when parasites can no longer be recovered, either because tlle host has become free from them, or because they are not present in the blood or fweces or are too few in number to be found by the laboratory methods employed. The terms, "rise," " peak," and "fall " refer, of course, to the increase in parasites to the highest number and their subsequent decrease.
Usually the host does not become entirely free from parasites when symptoms subside, but continues to harbour parasites in his body, thus becoming a carrier. Such a host may suffer a relapse when conditions again become favourable for the multiplication of the parasites.
(2) The Distribution and Localization of the Parasites within the Host. Parasitic protozoa are not only transmitted from man to man in a passive manner, but are distributed to various organs within the host by the host itself. Thus, intestinal protozoa are swallowed by the host, pass through the stomach, and are carried down the small intestine by peristalsis; and blood-inhabiting protozoa are distributed by the blood-stream. For example, the cysts of Endamceba histolytica are carried through the small intestine and into the large intestine, apparently undergoing exeystation where stasis occurs. In this way the primary site of infection is reached. If the intestinal contents chance to be in a fluid condition, the cysts are probably carried out of the body without excysting. If extensive ulcers are produced in the intestinal wall, amcebae get into the blood-stream, in which they seem able to live, and are transported to various parts of the body, where they may bring about the formatiorl of abscesses in the liver, brain and other secondary sites of infection.
(3) Passive (Natural) Resistance of the Host.
Man, or any other host species, cannot be parasitized by most species of protozoan parasites. Any host characteristic that is responsible for this condition may be referred to as a kind of passive resistance. Just what obstacles a particular parasite has difficulty in overcoming in successfully invading a host are not well known. Intestinal parasites must be able to withstand various digestive juices and the complex chemical medium within the intestine; conditions must be suitable for excystation; and the diet of the host and intestinal flora must be such as to enable the parasite to grow and multiply. Protozoa encounter a less varied medium when they enter the blood-stream, but the blood of different species of animals is sufficiently diverse to prevent infection except by a very few species of protozoa.
(4) Passive (Natural) Resistanzce of the Parasite.
The resistance of the host is overcome by the parasite in various ways. When tra.nsmission occurs by contact, as in the case of the trophozoites of Endamceba gingivalis and Trichomonas biuccalis of the mouth and Trichomonas vaginalis of the vagina, the change in environment is very slight and no resistant stage of the parasite is necessary in order that the primary site of infection may be reached. The intestinal arnceba and flagellates may be able to resist the conditions in the mouth, cesophagus, stomach and small intestine even when in the trophozoite stage, as pointed out above, but usually, no doubt, infection is brought about by cysts which are provided with resistant walls. The infective stages of blood-inhabiting protozoa need no resistant walls, since they pass directly into the blood-stream. Here they must be able to withstand the blood-serum and escape phagocytosis.
(5) Thle Parasites' Method of Attack.
Having reached the primary site of infection the true invasion of the host begins. Each parasite has its own method of attack, such as the penetration of certain tissues or organs and the secretion of zootoxins. The details of the attack upon the host are little known.
(6) Changes in the Host cautsed by the Parasite. Parasites that injure their hosts are pathogenic. If the injuries are so severe as to interfere radically with the normal functions of the organs of the host, symptoms appear. The host may build up an active resistance against such an attack, which we call immunity. The pathology of most protozoan diseases is well known, but very little is known about the genesis of the conditions observed. Likewise, the symptomatology of the protozoan diseases of man has been thoroughly described, but the way in which the functions of the organs are disturbed is still obscure. There is no doubt that the human host builds up an immunity against certain protozoa. For example, one attack of oriental sore, due to Leishmania tropica, confers immunitv to further infection; and immunity may apparently be acquired to malaria. This subject, however, is one that has been very little studied.
(7) Changes in the Parasite dute to Residence in the Host.
Since protozoa are living organisms, they also are probably capable of building up active resistance against the attacks of the host. It is obviously difficult to demonstrate such a parasite immunity, although "fastness " may be due to such a phenomenon. WIhether changes in virulence may occur in a strain of protozoa while residing in a host is still an open question.
8.-Host-parasite Adjustments during ant Infection. The changes in the relations between host and parasite during an infection bring about chronicity, the carrier condition, latency and relapse. There is an equilibrium reached between host and parasite leading to the carrier; but at any time the physiological state of the host may change, and the parasite increase so rapidly in numbers as again to call forth symptoms. The problems involved here are of great importance, since the elimination of carriers would in many cases mean the eradication of the disease. For example, in many localities the malarial parasites pass the winiter not in the mosquito, but in the human host. If these human carriers could be sterilized there would be no relapses the following spring and hence no reservoirs from which mosquitoes could become infected.
The main problem seems to be to determine the mechanism of relapse. In a paper now in the press (American Journal of Hygiene, July, 1926), Dr. MacDougall and I have described certain experiments on bird malaria which indicate that the sugar content hias a striking effect on the blood as a medium for the growth and multiplication of the malarial organisms. For example, when canaries were fed on sugar during the daily segmerntation period the parasite number did not reach a peak and then fall as usual, but continued to rise until the birds died; and when canaries were treated with insulin the parasite number did not rise as high, on the average, as in control birds. The sugar content of the blood may therefore be one of the factors involved in the production of a relapse.
9.-Therapeutics. The host may be aided in its resistance to protozoan parasites either by biological therapy or by chemotherapy. The questions involved are: (1) How can the host be strengthened by nutrition, &c. ? (2) How can his resistance be fortified by vaccines, antitoxins, &c. ? (3) What drugs can be employed to destroy the parasites, and how do they act ? and (4) What drugs are of use in building up the host resistance and vitality ?
10.-The Route taken by Parasites in Escaping from the Host.
Many and varied are the methods by which parasites escape from their hosts. Those of the protozoa are, on the whole, quite simple. The protozoa of the mouth and vagina pass to new hosts during kissing or coitus; intestinal protozoa escape with the feces; and blood-inhabiting protozoa are sucked out by insect vectors.
(III) HOST-PARASITE SPECIFICITY.
This term means the association of a particular species of host with a particular species of parasite. Among human protozoa the host-parasite specificity is quite rigid. Most of these protozoa occur regularly in no other species of animal except the blood-inhabiting species in certain insect vectors. Balantidium coli is an exception, since it seems to be a regular inhabitant of the intestine of the pig and has been recorded from monkeys a nunmber of times. Some of the problems involved in this subject are as follows:
(1) To what extent does the behaviour of the host and that of the parasite determine host-parasite specificity ?
(2) Do species of protozoan parasites that are restricted to one species of host gain access to other species of hosts ?
(3) What factors within a host enable natural parasites to bring about an infection and prevent foreign parasites from doing so ?
(4) How may we account for laboratory infections in foreign hosts ? (5) What conditions are responsible for differences in susceptibility between young and adult animals?
(6) What host-parasite interactions terminate an infection or bring about periods of latency and relapse?
The data available are not sufficient to provide definite answers to these and other questions that have a bearing on bost-parasite specificity. This field offers particularly favourable material for biological investigation and its study would add results of great importance to the subject of host-parasite relationships.
(IV) PREVENTION AND CONTROL.
A full linowledge of host-parasite relationships is necessary for satisfactory prevention and control. Only on the basis of such knowledge are we able to work out proper methods for the protection of the individual from protozoan infections (personal hygiene) and to prevent the spread of these infections in communities (public health measures).
In conclusion, what I have presented to you in the short time available is intended merely as an outline, the object of which is to arrange in logical order the various events in a protozoan invasion of man that are of interest to zoologists, medical men and public health officers, and thus to bring these various view-points into a single programme, and to focus attention on certain phases of the subject that are especially in need of investigation.
